Abstract: Micronutrients (vitamins and minerals) play an important part in reducing the occupational and production related diseases among the workers of industrial enterprises. In this connection the ways of optimizing the preventive diets have been determined taking into account the specificity of jobs and the nature of effects of toxic compounds on the body. The results of research concerning the state of actual nutrition and vitamin supply of workers of metallurgical enterprises have been presented. Considering the nutritional status assessed the specialized drinks enriched with essential micronutrients have been developed. The results have been obtained in clinical studies of the efficiency of the instant drink "Vitalife" through its inclusion in the diet of workers for one month, twice a day. The excretion of vitamin C and vitamin В 2 in the urine, the content of the products of lipid peroxidation and the activity of antioxidant enzymes (TBA -active product -malonic dialdehyde, catalase activity and superoxide dismutase) have been studied. The program and methodic recommendations to optimize the preventive diets of workers of hot shops at metallurgical enterprises have been developed: 1 cup (200 сm 3 ) of ready-to-drink beverage made from the concentrate for soft drinks enriched with vitamins before work; 1 cup (200 сm 3 ) of fruit and berry kissel enriched with vitamins and calcium during lunchtime as the third course or as a separate dish; 4 cups (1 dm 3 ) of beverage from the mineral concentrate at the right time during the working shift. Products included in the program provide the water and salt balance and fill the micronutrient shortage. The use of specialized products in the preventive nutrition of workers has shown their efficiency in protecting the body from the unfavorable conditions of production. This can serve as a factor in the preservation of health and prevention of occupational and production related diseases.
INTRODUCTION
One of the preventive measures of occupational diseases of industrial workers and health preservation is the development of science-based diets and nutritional programs taking into account the specificity of jobs and the nature of effects of unfavorable production factors on the body [1, 18, 19] . The given direction is a priority in the current nutritiology which is confirmed by a number of government acts and regulations [21, 22] .
It is known that when operating in the heating microclimate at metallurgical plants including aluminum production there is a considerable loss of water with the sweat, which leads to the increased consumption of vitamins and minerals by the body.
The characteristic combination of poor working conditions and the deficiency of vital micronutrients are the cause of psychosomatic disadaptation. As a result, the frequency of chronic diseases including occupational and production related ones increases.
The main vector of the problem solution is the creation and practical implementation of new types of specialized products, including soft drinks with directed functional properties. It is necessary to confirm the quality of the consumer properties of products by conducting experimental or clinical studies [19] .
OBJECTS AND METHODS OF STUDY
The research objects have been diets of workers of the West -Siberian metallurgical plant and aluminum plant in Novokuznetsk of Kemerovo region, biological medium (saliva, urine), experimental and commercial samples of specialized products. The actual nutritional status has been studied with the help of questionnaire using the method of 24 -hour playback and the computer program. The direct analysis of ascorbic acid in dishes and culinary products has been conducted for an objective assessment of vitamins in the diets.
The assessment of the body supply of workers with ascorbic acid, thiamine, riboflavin, niacin, tocopherol, retinol, beta-carotene has been achieved by the direct determination of vitamins and their metabolites in blood and daily urine. The activity of vitamin dependent enzymes in erythrocyte hemolysate has been examined: thiamine dependent enzyme of transketolase (TK) and the degree of its activation when adding thiamine diрhosphate (TDP -effect), the activity of В 2 -a dependent enzyme of glutathione reductase (GR) and the degree of its activation when adding flavin adenine dinucleotide (FAD -effect), the activity of pyridoxine dependent enzyme of aspartate aminotransferase (ATF) and PALF -effect.
The analysis of vitamins has been performed with the help of fluorometric, spectro and photometric methods, highly effective liquid chromatography [2] .
As a product of lipid peroxidation, malonic dialdehyde (MDA) has been investigated. The selection of this parameter is related to the fact that one of the main substrates of free radical oxidation is molecules of polyunsaturated fatty acids (PUFA) and lipid components of lipoproteids of low and very low density. Hydroperoxides (diene conjugates) are formed as a result of the oxidation of fatty acids which are metabolized into secondary products -malonic dialdehyde. In order to determine it the fluorometric method has been used. It is based on the fact that the final product of lipid peroxidation, MDA, reacts with thiobarbituric acid forming the fluorescent complex, the light intensity of which is directly proportional to the concentration of MDA.
The activity of two antioxidant enzymessuperoxide dismutase (SOD) and catalase has been studied. SOD activity has been determined by the chemiluminescent method according to the inhibition degree of nitroblue tetrazolium (NBT) reduction in the presence of NADH of phenazine methosulfate (PMS).
The principle of determining the catalase activity is based on the fact that the enzyme destroys Н 2 О 2 substrate. The undestroyed part of hydrogen peroxide is measured with the help of sodium molybdate.
The study of saliva has been used as the simplest and at the same time the most reliable way to determine the antioxidant capabilities of the body. Saliva contains free radicals that are formed during the antibacterial protection, as well as by the enzymatic way of peroxidase reactions. It has been shown that saliva possesses antioxidant properties, because it contains enzymes inhibiting the free radical oxidation.
The influence of saliva enzymes (catalase and superoxide dismutase) indicates the feedback between their activity and the amount of TBA -active products. Their content correlates with the similar indices in the red blood cells.
The research materials are subjected to the statistical analysis. Methods of parametric statistics have been used to process data about the actual state of the preventive nutrition, as well as the materials on the content of lipid peroxidation products in biological fluids (saliva) to determine average values, their errors and reliability by means of Student's test.
The investigations have been carried out on the basis of the accredited laboratories of vitamins and minerals of the Institute of Nutrition of the Russian Academy of Medical Sciences (Moscow), NPO "Art Life" (Tomsk), and a pharmaceutical company "Altayvitamins" (Biysk).
RESULTS AND DISCUSSION
The accumulated national and international experience shows that the insufficient intake of vitamins and some minerals from food is a common problem in all countries, regardless of their economic development.
The availability of vitamin deficiency is not limited to the inadequate intake of fruits and vegetables, although they are associated with vitamins for the majority of consumers. In fact, fruits and vegetables can only be a source of vitamin C, beta -carotene, other carotenoids, bioflavonoids (vitamin P) and, to some extent, folic acid only when having a great variety and a large number of their consumption.
The rest of the vitamins a person gets are from other products: B1, B6, PP -brown bread, lean meat, beans, nuts; B2 -milk and milk products; vitamin Anatural butter; vitamin E -unrefined vegetable oils.
The main reasons for the lack of vitamins, as well as other vitally important nutrients are:
Reduction of the energy value of the diet and the amount of food consumed;
Prevalence of canned food subjected to tough cooking and storage in the diet, poor in essential nutrients;
Environmental stress, emotional stress and other negative factors of civilization, increasing the need for micronutrients;
Bad habits such as smoking, heavy drinking, drug abuse;
Low dieting culture, lack of public awareness about principles of healthy diets, lack of a financial opportunity to purchase a full food basket.
The prolonged vitamin deficiency leads to the failure of the body's adaptive capabilities and, as a result, it has an unfavorable impact on the human development, health and welfare.
Physical performance, resistance to the occupational and industrial diseases among the workers of industrial enterprises decrease, the negative effects of the harmful production factors on the body, nervous and emotional stress increase, professional injuries rises, active working life shortens.
The investigations conducted in the 60-ies by the scientists of the Institute of Nutrition of the Academy of Medical Sciences of the USSR under the leadership of professor V.V. Efremov at the Moscow Metallurgical Plant showed that the physical endurance of workers receiving a normal diet poor in vitamins was two times lower than that of workers taking a daily multivitamin preparation "Undevit".
The sickness rate of workers by the number of diseases and the total number of days missed was by 20-25% higher than that of workers provided with the right amount of vitamins corresponding to the recommended intake [6] .
Similar results were obtained in the Moscow metro and in a number of similar studies in different regions of the country [27, 37, 25] .
It has been determined that the stressful conditions of the professional activity and the effect of harmful production factors lead to the increased catabolism of vitamins and increased need for them [4, 11, 28] . For example, dispatchers and operators at the control panel need more thiamine and ascorbic acid by 30-40% [24] .
The necessity for additional vitamins is sometimes specific depending on the factor effect. The UHF influence increases the body's need for riboflavin, folic acid, pyridoxine [36] , when having vibration -for vitamins C, PP and B1 due to the reduction of their blood level [8, 20, 16, 23] .
In some cases the vitamin deficiency occurs as a result of the combined action of several production factors [7, 13] . The training of astronauts is no exception [3, 4, 35] .
All this indicates the need to optimize the preventive nutrition, especially vitamin provision of workers employed in the production with difficult and dangerous working conditions. The national and international experience considers it to be the most reliable and highly efficient means of improving their health and working capacity.
The relationship between the provision of the body with vitamins and its functional state have repeatedly been demonstrated in the works of V.V. Efremov and other authors [5, 6, 14] . It has been shown that the muscle weight of the workers of hot shops at the metallurgical plant having a normal diet is reduced by 17-26% in 2 hours after starting the operation, by the end of the working day -by 22-23%. The number of errors on the differential stimulus increases and the shortening of the latent period of visual -motor reactions is observed due to the weakening of the inhibitory process and the predominance of the excitatory one.
The muscular endurance of workers taking additionally the multivitamin preparation "Undevit", one pill a day, has remained at the initial level and only by the end of the working day it has decreased by 8-10%. There have been fewer errors on differentiation. The number of cases of acute catarrh of the upper respiratory tract has decreased by 25.6% and also the number of disability days (by 24.5%). The incidence of acute gastro-intestinal diseases has decreased by 34.5% and so the number of disability days (by 36.9%). A significant reduction in the incidence of myositis and radiculitis has been observed [6] . Loss of working days due to illness has decreased by 6-7% a year, including colds by 25% [35, 36] .
The papers of other authors show the influence of vitaminization of diets of different professional groups on health care seeking for all diseases (the index has decreased by 28%), the cardio-vascular diseases have decreased by 32%. The reduction of labor losses has been respectively 30.7 and 42.6% in comparison with those workers who have not received extra vitamins [35, 36] .
It has been found that the normalization of vitamin status can reduce the frequency of non-observance of some indices of lipid, protein, carbohydrate metabolism [10, 35, 36] , and, in general, the negative impact of production factors on the human body [2, 3, 8, 20, 35, 36] .
The additional vitaminization of employees of the locomotive crews at Lvov railways provides the improvement of adaptation to darkness, which is important for the prevention of general visual and color fatigue affecting the traffic safety [7] .
Special attention is paid to ascorbic acid. The workers with the level of vitamin C in blood of 0.5 mg / 100 ml and higher have better reactimeter indices in comparison with the workers having lower concentrations [15] . Based on these data, the authors have concluded that the fatigue reduction, the increase of psychomotor reactivity and attention concentration can be achieved by consuming 120-150 mg of ascorbic acid per day with the level of its content in blood of 1 mg / 100 ml. These recommendations have been used to maintain the wake of transport drivers working at night [15, 43, 48] .
The influence of relatively high doses of vitamin C has been studied by American scientists who have noted an increase in resistance to the stress effect of the intermittent light [47] .
The additional inclusion of ascorbic acid in the diet for 2 years has reduced the sickness rate of employees of the locomotive crews of the electrodepot "Kaluzhskoe" of Moscow Metro compared with the previous period by 25% [13] . This paper deals with the analysis of the actual nutrition of workers of metallurgical enterprises, which has revealed the disbalance of the diet in a number of essential nutrients. The deficiency of vegetable fats was 50-75%. There was insufficient vitamin content, g / a day: C -54 (39); В 1 -1.4 (36); B 2 -1.6 (36); PP -20 (41); В 6 -2.1 (16); A (based on beta -carotene) -1.0 (+), in parentheses -percentage of deficiency.
The low level of vitamins established by the survey is consistent with the results of the analytical determination of ascorbic acid in the lunch diets of workers -16.8 ± 1.9 mg (n=7). It makes up 23% of the daily requirement.
The concentration of vitamin C in blood serum is, on the average, 0.33 ± 0.01 and the norm is 0.7-1.2 mg / dl. In 95% of the examined workers it was lower than normalized values, including 85% who had the concentration lower more than twice. The number of workers with a deep deficiency amounted to 23-28% (<0.20 mg / dl). This situation with ascorbic acid took place in summer, in July, when the consumption of fruits and vegetables should be optimal. There is reason to believe that in winter and spring seasons the extent and depth of the vitamin C deficiency will be more expressed.
The content of vitamin B1 in the daily urine averaged 178 ± 5.7 mg / a day. 40-60% of the examined workers had the deficiency of the urinary excretion of thiamine. The TK activity of erythrocytes was at the level of 1.40 ± 0.02 mcmol Sedoheptulose per 1 million of erythrocytes in an hour. THP effect was 23.5 ± 0.8%. Normally, the activation index of THP, a dependent enzyme of TK erythrocytes, should not exceed 10-15%.
The data obtained can be considered as the thiamine deficiency in the human body.
The daily excretion of riboflavin in the urine was below the lower limit of the norm -290 ± 14.3 mcg / a day (the norm is more than 300 mcg /a day). The activity of GR erythrocytes was 21.0 ± 1.15 mcmol NADF2 per 1 million of red blood cells in an hour, FAD -effect -1.4 ± 0.13% (the norm is less than 1.2). The index of FAD -effect equal to or above 1.2 was found in 63% of the total number of the examined workers. These data, along with the low excretion of vitamin B 2 in the same time period, indicate a lack of the adequate supply of riboflavin.
The supply with vitamin PP was estimated by the niacin metabolite excretion in daily urine -n-methylnicotinamide. Normally, this figure is 7-12 mg /a day. The deficiency of daily excretion with urinary niacin metabolite was 26-33% in the examined group. In general, for the whole group, the urinary excretion of n-methyinicotinamide was at the level of 4.9 mg /a day.
The revealed lack of nicotinic acid is not fully compensated due to its additional source -tryptophan.
The pyridoxine content in the body of workers was estimated by AST activity, which was at the level of 2.26 ± 0.11 micromoles of pyruvic acid per 1 g of Hb in a minute. The index value of PALF -effect was on average 1.9 ± 0.07%. According to several authors the index of PALF -effect in determining the activity of AST erythrocytes should not exceed 2.0, and the average is 1.5. In 26% of the examined workers the value of PALF -effect is equal to 2 or higher. The set value of PALF -effect indicates the marginal supply of the body with vitamin В 6 .
The concentration of vitamin E in the blood serum was 0.8 ± 0.01 and it was at the lower limit of the norm (0.8-1.2 mg/100 ml). The highest frequency of the tocopherol deficiency occurred in the West -Siberian metallurgical plant (15%). In some cases, the level of vitamin E in blood was lower than 0.6 mg / 100 ml, reaching 0.54 mg / 100 ml.
The retinol supply of the majority of workers was within the normal limits: its average level in blood was 53 mg / 100 ml with the norm 30-70 mg / 100 ml. The content of vitamin A below the lower limit of the norm was observed in 3% of workers.
Unlike retinol, beta -carotene supply of workers of metallurgical enterprises was insufficient. The number of people with the level of beta -carotene below normal (80 mg / 100 ml) was on average 61%. There were some cases when its concentration in blood was 25-29 g / 100 ml, i.e. it was three times lower than the lower limit of the norm.
The excess consumption of animal fat, saturated fatty acids and cholesterol was observed with inadequate intake of phospholipids and polyunsaturated fatty acids with the diet, especially omega-3 family (the ratio of omega-6 / omega-3 is 28 : 1). There were low levels of dietary fiber, including pectins. The vitamin deficiency is characterized by the combined lack of vitamins C, B1, A, carotenoids, folic acid, and several minerals. In general, it was the basis to correct the preventive diet.
The main reason for low supply of the body with vitamins is their inadequate dietary intake, as evidenced by the assessment results of the actual diet and the content of ascorbic acid in dishes and culinary products. Equally important is the increased need of workers of metallurgical enterprises for vitamins due to the nature of work and the level of anthropogenic influence.
The identified deficiency reduces the activity of the immune system, the body's resistance to the unfavorable production conditions and the environment, accelerates aging and wear of the body, and reduces the duration of active working life.
The nutrition program for the workers of hot shops of metallurgical enterprises has been offered, which includes specialized products aimed at the prevention of occupational and production -related diseases.
The specialized products are presented by: a concentrate for soft drinks enriched with vitamins, a mineral concentrate for soft drinks and fruit and berry kissel enriched in vitamins and calcium, which have been developed in cooperation with the NPO "Art Life". Tables 1 and 2 present regulated quality indices of the developed products with the addition of vitamins and minerals. The program helps to optimize the water-drinking regime and vitamin and mineral balance throughout the working shift. It includes: an enriched concentrate for soft drinks (in stock); fruit and berry kissel enriched with vitamins and calcium (in stock); a mineral concentrate for soft drinks. Table 3 shows the nutritional value of the program per employee during the working shift. Methodic recommendations for the most effective and efficient use of the program have been developed.
The scheme of beverage consumption is shown in Fig. 1 .
The consumption of recommended servings of the developed products -the concentrate for soft drinks enriched with vitamins in the amount of 20 g, the mineral concentrate for soft drinks and fruit and berry kissel enriched with vitamins and calcium in the amount of 15 g -provides from 6 to 60% of the daily requirements for essential nutrients.
The company "Valitek Prodimpex" has developed drinks and kissels under the brand name "Golden Ball", which protect the body from the influence of the unfavorable environmental and occupational factors. What do the products of fast (instant) preparation with the specified composition look like? Beverage powders are packaged in hermetically sealed packages of the metallized film from 9 g (drink) or 20 g (kissel) per one cup (200 cm 3 ) to larger pre-packing (5-10 kg) for public catering enterprises. Nutritional and energy value of specialized drinks are shown in Table 4 .
The use of the "Golden Ball" with the natural pectin can solve 2 problems simultaneously -replacement of milk and additional introduction of pectin. Pectin promotes the excretion of lead, other heavy metals and radionuclides from the human body. Pectins connecting with heavy metals and radionuclides form insoluble complexes, which are excreted from the body not being absorbed through the mucous membrane of the gastrointestinal tract.
Taking into account the pharmacological characteristics of the formula components and their participation in the metabolic processes of the body the specialized drinks provide: strengthening of the immune system; reduction in overall sickness rate; protection against occupational hazards; excretion of toxic substances from the body; rehydration; increase of muscular endurance; increase of working capacity. The chemical composition and energy value of the diet of workers of aluminum production have been estimated (Table 5) .
On the basis of the research results the following peculiar properties of the actual supply of workers have been determined: -the proportion of fat in the total calories exceeds the recommended norm, there is a significant excess of UFA intake, an insignificant level of PUFA intake, especially of the family of δ -3 (the ratio of δ-6 / δ -3 is 28 : 1), and phospholipids and excess of cholesterol intake; -insufficient amount of dietary fiber, especially pectin, which reduces the detoxication capabilities of workers in poor working conditions; -the identified vitamin deficiency is characterized by the combined shortage of vitamins C, B 1 , A, carotenoids, folic acid, and several minerals, i.e., it has the character of polyhypovitaminosis and polyhypomineralosis; -taking into account a small amount of vegetables in the diets not subjected to heat treatment and fruits containing bioflavonoids, as well as the deficiency of vitamins and minerals with the antioxidant activity, it is necessary to pay attention to the problem of providing the workers with bioantioxidants, considering this trend to be a priority for the prevention of occupational and production related diseases. The resulting materials have been the basis for the development together with the pharmaceutical company "Altayvitamins" of the concentrate for a soft drink "Vitalife" enriched with vitamins C, A, D, E, B2, B6, B12, nicotinamide, pantothenic and folic acids, biotin, and pectin.
Recommended scheme of the program use
A method for preparing beverage powder is: 20g (1 tablespoon) is poured into a glass (200 ml) of drinking water and dissolved when stirring. A glass of reconstituted beverage contains 0.25 part of the daily requirement of an adult in added nutrients. The double portion of the specialized product completely meets the daily needs of workers taking into account the availability of harmful environmental factors.
The intake of the beverage in the amount of 200 ml two times a day provides additional intake (mg) of Special preventive importance for the workers of aluminum production is given to the additional introduction of pectin into the diet.
The results of clinical studies have shown that taking drinks enriched with vitamins for one month in the right amount leads to a significant increase in the excretion of vitamins C and B 2 in the urine, while in the group of workers who have not taken drinks the essential changes have not been observed.
The content of products of lipid peroxidation and the activity of antioxidant enzymes in saliva in basic and control groups did not differ (Table 6 ). The negative links have been revealed characterizing the linear dependence among the content of malondialdehyde in saliva (r-0.65; p <0.05), the activity of catalase and superoxide dismutase (r-0.52; p <0.05).
When taking in drinks the workers obtained an additional complex of antioxidant substances in the form of vitamins, which served the basis for the study of lipid peroxidation and the activity of antioxidant enzymes (Table 7) . The table shows the increase of the enzyme activity providing the antioxidant potential of the body and the improvement of the functional state in the basic group.
The protective effect of antioxidants in this case is provided with the following mechanisms: -Direct interaction of oxidants with antioxidants (ascorbic acid); -Capture of free radicals and singlet oxygen with vitamins E, B 1 , B 6 (free radical scavengers); -The protective effect of "structural" antioxidants preventing the contact of the active forms of oxygen with the functional cell components (vitamin E); -Replacement and repair of damaged enzyme structures (vitamin E).
Vitamin E (tocopherol) performs a role of biological antioxidants in the tissues that inactivate free radicals, preventing the development of free-radical processes of peroxidation of unsaturated fatty acids.
Due to the fact that the PUFA is an essential component of biological membranes, this ability of vitamin E plays an important part in maintaining the structural integrity and the functional activity of the lipid layer of cell membranes and subcellular organelles.
Ascorbic acid has strong antioxidant properties and protection of biological membranes of phagocytes from the damaging action produced by the cells of active forms of oxygen and chlorine.
The materials of the clinical studies conducted enable to conclude that vitamins and pectin included in the beverage composition possess an effective potential to protect the body of workers from unfavorable working conditions of production, and can be a factor in preserving health and preventing occupational and production related diseases.
